Ongoing climate change has been reported to have far-reaching impact on crop 10 development and yield in many regions of the globe including Europe. However, little is 11 known about the potential impact of climate change on specific stages of the crop cycle 12 including crop establishment, although it is a crucial stage of the annual crop cycles. For 13 the first time, we performed a simulation study to pinpoint how sugar beet sowing 14 conditions of the next eight decades will be altered under future climate change and if 15 these variations will affect sowing dates, germination and emergence as well as bolting 16 rates of this crop. We chose Northern France as an important study site, representative of 17 sugar beet growing basin in Northern Europe. Sugar beet emergence simulations were 18 performed for a period between 2020 and 2100, taking into account five sowing dates 19 (mid-February, 1 st March, mid-March, 1 st April and mid-April). Soil water contents and 20 temperatures in the 0-10 cm soil horizon were first simulated with the STICS soil-crop 21 model using the most pessimistic IPCC scenario (RCP 8.5) to feed the SIMPLE crop 22 emergence model. We also evaluated the probability of field access for the earlier sowings, 23 2 based on the amount of cumulated rainfall during February and March. When analyzed 24 by sowing date and for successive 20-year period from 2020 to 2100, there was a 25 significant increase in seedbed temperatures by 2°C after 2060 while no change in 26 cumulative rainfall was found before and after sowings, compared with the past.
Introduction

45
Seed germination and seedling emergence are critical phases of a crop cycle that affect 46 the success or failure of any crop establishment (Villalobos et al. 2016 ). These early 3 Bolting risk is represented by a function that was not initially presented in the seminal 145 paper describing the SIMPLE model (Dürr et al, 2001) . This function was derived from 146 Longden et al (1975) and the probability of bolting μb is calculated as:
Equation 1 148 where c1, c2, c3 dimensionless coefficients (Table 1) ; nccd is the number of cumulative cold 149 days from sowing to the end of June and is calculated as follows:
Equation 2 151 where i is a daily index ranging from 1 (sowing day) to imax (day corresponding to the end 152 of June) and is the Kronecker symbol with: 153 = if θ < θ and α ≠ β otherwise Equation 3 154 where θ is the maximum daily temperature at 2 m, and θ is the maximum threshold air 155 temperature to define whether a given day is considered as cold or not with regard to 156 bolting (Table 1) .
Analysis of simulation results
Climatic data were pooled and analyzed by sowing date and 20-year period (2000-2018 191 for the past and 2020-2040, 2041-2060, 2061-2080, and 2081-2100 reach maximum emergence (NEmax) was < 28 days, and high when NEmax was >28 days.
207
The frequency of poor germination (<75%) and emergence (<50%) rates as well as high 208 NGmax (>14 days) and NEmax (>28 days) duration were analyzed as they could lead to 209 crop emergence failure and potential re-sowing.
210
The variability of causes of non-emergence was analyzed by establishing two classes of 211 seed and seedling mortality rates for each mortality cause. For non-germination, the two 212 classes were low with <25% and high with >25% non-germinating seeds. For seedling mortality due to clod, crust and drought, the two classes were low with <15%, and high 214 with >15% of seedling mortality. Frequency of high risks of non-germination (>25%) and 215 seedling mortality due to clod, crust, and drought (each >15%) cases are presented for 216 the same reason as described above.
217
The variability of bolting rates was presented as the average predicted percentages of 218 bolted plants over the 20-year periods. This variability was also analyzed by establishing 219 three classes of bolting rates : <0.5%, 0.5-1%, and >1% rate.
220
To determine significant effects on germination, emergence and bolting rates, and ii) we supposed that >1 mm rainfall on sowing day will not technically allow field access 237 for farmers for the sowings in February and March because the soil surface is wet and 238 evapotranspiration low. Based on this, we calculated the frequency of days >1 mm rainfall 239 for February and March. When analyzed by sowing date, differences between the average soil temperature at 243 sowing, average soil and maximum air temperature 30 dps were statistically significant 244 (P < 0.001) ( Means followed by the same letter are not significantly different within the year or sowing date categories; ***P < 0.001; **P < 0.01; *P < 0.05 NS: not significant; dps: days post sowing; ASTS: average soil temperature at sowing; AST: average soil temperature; ATairmax: average daily maximum air temperature; TR: total cumulated rainfall Significance level *** *** Table 7 . Indicators for field accessibility for farmers to perform sowing for early sowing dates and periods 
